BACKGROUND: The incidence of Clostridium difficile infection (CDI) in nursing home residents is believed to be high because of the prevalence of predisposing factors such as decreased immune response, multiple comorbidities, medications, increased risk of infection, close proximity of residents, and recent hospitalization. Yet, specific information on CDI in this population is scarce.
• Nursing home residents are predisposed to Clostridium difficile infection (CDI) due to a decreased immune response, comorbidities, medications, and an increased risk of infection.
• The incidence of CDI in long-term care facilities may be as high as 3.72 cases per 1,000 resident days, and CDI carries an increased burden of illness for the nursing home residents and care staff.
• As many as 67% of nursing home CDI cases may be attributable to a recent hospital discharge.
What is already known about this subject
• Nursing home residents are 3 times more likely to acquire CDI before entering the nursing home than after nursing home admission, and 85% of the time, residents have been admitted to the nursing home from an acute care setting.
• Initial treatment and retreatment with vancomyin oral solution was more common in NNH-Acquired CDI, perhaps because of more severe illness, whereas initial treatment and retreatment with metronidazole was more prevalent in nursing homeacquired (NH-Acquired) CDI.
• There is a substantial burden of illness for nursing home residents with CDI, and residents with NNH-Acquired CDI are more likely to have severe underlying illness and be readmitted to the hospital compared with patients with NH-Acquired CDI.
Evaluation of cognitive function was based on MDS 2.0 fields B1-Comatose, B2a-Short Term Memory, B4-Cognitive Skills for Daily Decision Making, C4-Making Self Understood, and G1hA-Eating Self-Performance. From these parameters, a Cognitive Performance Scale (CPS) was calculated wherein a score of 0 indicated no cognitive impairment and a score of 6 indicated very severe impairment. For the purposes of this analysis, moderate-to-severe cognitive impairment was defined as CPS scores of 3-6. 10 The CDI incidence rate per 10,000 resident days was calculated as the number of CDI incidents per month per number of resident days × 10,000. The calculation excludes recurrent events. Figure 1 summarizes the patient selection flow for this study.
Data Analysis
The control group was frequency matched for age, race, and gender. A descriptive univariate analysis was performed for baseline characteristics between cases and controls.
Comparison of differences between NH-Acquired and NNH-Acquired CDI in underlying diagnoses, cognition, function, renal disease, immobility, hospitalizations, and risk factors that may predispose residents to contract CDI were assessed by a chi-squared test for binary variables, Student's t-tests for continuous variables, and Wilcoxon 2-sample tests for ordinal variables (e.g., activities of daily living [ADL] scores). Comparisons in which data were more than 20% sparse, defined as having a count less than 5, were calculated using exact P values using Fisher's exact test.
During the study period, many residents had more than 1 MDS assessment completed. When this occurred, the assessment that recorded the more severe condition was used.
■■ Results
Of 195,498 unique residents with MDS data, 5,044 (2.6%) had CDI, which corresponded to an estimated CDI prevalence of 0.979 per 10,000 resident days. Among the 2,048 unique residents with CDI, an admission MDS, and prescription claims data, 1,609 (78.6%) were NNH-Acquired, and 439 (21.4%) were NH-Acquired. The vast majority (85%) of NNH-Acquired CDI admissions were from acute care hospitals, with fewer originating from other nursing homes (2.9%), the community (1.8%), rehabilitation hospitals (1.0%), other settings (0.5%), or unknown admission location (8.8%).
Using a matched control group of residents who did not have a diagnosis of CDI, we found that residents with CDI had more severe functional impairment, more urinary and bowel incontinence, and more diarrhea (see Appendix, available in online article). However, they had less severe cognitive impairment. Residents with CDI were more likely to have diabetes, stroke, congestive heart failure, cardiac arrhythmias, renal failure, cancer, urinary tract infection, pneumonia, antibiotic-resistant infection, and foot infection (Figure 2 ). These characteristics are consistent with a larger number of underlying comorbidities in the CDI group. Similarly, residents CDI in long-term care facilities may be as high as 3.72 cases per 1,000 resident days, although it is not known what proportion is due to internal versus external sources of infection. 7 Our objectives for this study were to describe demographic and clinical characteristics, physical and cognitive function, and pharmacologic treatment of residents with a diagnosis of CDI in U.S. nursing homes. We identified differences in comorbidities (e.g., renal disease and cancer); cognition; functional status; hospitalizations; and mortality between age-and gender-matched residents without CDI. Additionally, we identified clinical parameters that were frequently associated with CDI in residents who acquired CDI prior to their nursing home admission (non-nursing home-acquired [NNH-Acquired]) compared with those acquiring CDI after admission (nursing homeacquired [NH-Acquired]).
■■ Methods
After obtaining an exemption of institutional review board review and waiver of authorization from Sterling Institutional Review Board, data extracts of prescription claims and Minimum Data Set (MDS) version 2.0 assessments for residents in Omnicare-serviced nursing homes for the incident time period were obtained from the Omnicare Senior Health Outcomes data repository. These data are from about 200 pharmacies serving more than 1.4 million residents in about 19,000 long-term care facilities in 48 states (excluding Hawaii and Alaska). Data extracts were made HIPAA-compliant by de-identification at the resident, prescriber, facility, and pharmacy level. The study period was characterized using a data extract of linked MDS 2.0 and prescription claims data from October 1, 2009, through September 30, 2010. CDI was identified in unique residents who had either field I2b completed (specific to documenting CDI) or an International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis of C. difficile infection (008.45) and treatment with either oral vancomycin or metronidazole.
For the purpose of identifying NNH-Acquired CDI, all recorded diagnoses of CDI that first appeared in a New Admission MDS Assessment, Medicare Readmission/Return MDS Assessment, Medicare 5-Day Assessment, or Medicare 14-Day Assessment with prescription claims data were considered to be NNH-Acquired. The first appearance of the diagnosis of CDI on any other type of MDS assessment was considered to be NH-Acquired.
Each resident was assigned a unique identification key to permit longitudinal tracking at the prescription claims level. The unique identification key does not change over time and allows the resident to be tracked despite new facility identification assignments due to changes in facility ownership or reconfiguration of pharmacies subsequent to a merger. Diagnostic, prescription claims, and MDS data from 2 large nursing home chains-SAVA Senior Care and HCR Manor Care facilitieswere excluded due to pre-existing contractual agreements.
Risk Factors, Clinical Characteristics, and Treatment Differences Between Residents With and
Without Nursing Home-and Non-Nursing Home-Acquired Clostridium difficile Infection with CDI used more cephalosporins, penicillins, carbapenems, monopenems, clindamycin, aminoglycosides, tigecycline, corticosteroids, megestrol, and proton pump inhibitors than the matched control residents. The residents with CDI were more likely to be undergoing dialysis (6.2% vs. 3.1%) and be discharged to the hospital (29.3% vs. 14.7%). We were unable to evaluate why the residents were readmitted to the hospital, given that the trial was not designed to evaluate hospital readmission. Nevertheless, the higher hospitalization rate in CDI residents supports our findings that these residents were sicker with greater prevalence of chronic diseases and infections. Table 1 depicts selected comparative demographic, functional, and cognitive characteristics as well as comorbidities and medication treatment of residents with NH-Acquired versus NNH-Acquired CDI. Residents with NH-Acquired CDI were more likely to be cognitively impaired; be more functionally dependent on staff for ADLs; and have more urinary incontinence, bowel incontinence, and diarrhea than residents with NNH-Acquired CDI. Additionally, residents with NH-Acquired CDI were less likely to have congestive heart failure, cardiac arrhythmias, renal failure, cancer, antibioticresistant infection, septicemia, and wound infection than those who acquired CDI prior to nursing home admission. However, residents with NH-Acquired CDI were more likely to have had a cerebrovascular accident and falls.
Use of medications coincident with CDI were similar between the NH-Acquired and NNH-Acquired CDI groups with the exception of number of antibiotics, including fluoroquinolones, cephalosporins, penicillins, sulfamethoxazole-trimethoprim, nitrofurantoin, macrolides, doxycycline, clindamycin, linezolid, aminoglycosides, and tigecycline, all of which were used by a higher percentage of residents with NH-Acquired CDI than NNH-Acquired CDI while in the nursing home. Residents with NH-Acquired CDI were more likely to receive nutrients by feeding tube. The NNH-Acquired CDI group was more likely to be undergoing dialysis (7.0% vs. 3.4%) and be discharged to the hospital (32.3% vs. 18.2%) than residents who acquired CDI in the nursing home. The facility (Medicare Part A) was the most prevalent payer for NNH-Acquired (93.6%) and NH-Acquired (75.0%) CDI treatment. Medicare Part D was the payer 37.5% of the time for NH-Acquired CDI but for only 19.4% of medication claims for residents with NNH-Acquired CDI.
When we examined the patterns of metronidazole and vancomycin use in residents with initial and subsequent CDI treatment, several key findings emerged (Table 2) . NH-Acquired residents were more likely to require retreatment within 30 days than NNH-Acquired residents (75% vs. 69%), and the highest rates of within 30-day retreatment were for NH-Acquired residents treated with oral vancomycin solution (84%). Oral metronidazole was the most common initial treatment of CDI. NH-Acquired CDI residents were more likely to be given a second course of oral metronidazole than NNH-Acquired CDI (47.8% vs. 35.6%, respectively), and approximately 77% were given a second course within 30 days of initial treatment with metronidazole. Significantly more residents with NNHAcquired CDI were treated initially with oral vancomycin and then given a second course of oral vancomycin compared with those with NH-Acquired CDI. Most NNH-Acquired CDI residents receiving a second course of treatment were given oral vancomycin within 30 days of the initial course of therapy. These findings are consistent with current CDI treatment guidelines from the Society of Healthcare Epidemiology of America (SHEA) and the Infectious Disease Society of America (IDSA). in CDI may be correlative rather than causative. We note that, as has been documented in hospitalized patients, type 2 diabetes was correlated significantly with the presence of NNHAcquired CDI. 19, 20 In our examination of NNH-and NH-Acquired CDI, 2 distinctly different cohorts emerge. Residents transferred from other sites, predominantly acute care hospitals, were more likely to have renal disease, cancer, and underlying infections predisposing them to CDI. They were also more likely to be discharged to the hospital. In comparison, the chronic nursing home population who acquired CDI in the facility had more underlying functional and cognitive impairment, incontinence, and strokes. Despite the higher use of antibiotics and other medications associated with CDI in nursing home residents, these long-stay individuals represent a much smaller cadre of CDI and, although the severity of CDI illness could not be quantified, may have had a less significant form of the disease. The greatest risk of CDI in the nursing home appears to come from the transfer of infection from the hospital. CDI remains a problem in the long-term care setting, and as shown by others, importation from the acute care setting likely accounts for the majority of cases. 21 In the absence of a means to assess the severity of CDI, we were unable to determine the appropriateness of the treatment choice as outlined in the SHEA/IDSA CDI treatment guidelines. 11 However, given that initial and recurrence treatment with metronidazole is recommended for mild-to-moderate CDI, and oral vancomycin is recommended for initial and second-line treatment for those with severe disease, the findings in this nursing home population align with the expected treatment regimens suggested by SHEA/IDSA. 11 
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■■ Discussion
In our analysis, we found an overall CDI incidence of 0.979 per 10,000 residence days and a prevalence of 2.6%. These risk and burden measures are consistent with rates of 0.8 to 14.1 cases/10,000 resident days or prevalence rates of 1.5-3.8% of nursing home admissions as was reported by Laffan et al. (2006) . 6 The highest incidence was found in residents with NNH-Acquired CDI. 6 Residents who developed or had CDI were more likely to be treated with broad-spectrum antibiotics and have underlying conditions or illnesses that may have predisposed them to CDI. 3, 8, 12 As has been noted by others, age ≥ 65 years, female gender, cancer, corticosteroids, renal impairment, and solid organ transplant are patient characteristics associated with CDI. [13] [14] [15] [16] Increased exposure to antibiotics within the previous 3 months, use of nasogastric tubes, treatment with medications that affect the intestinal tract, and use of chemotherapeutic agents are also common risk factors of CDI. 13 Recent hospitalization, close contact with infected individuals, and history of prior CDI are linked to elevated risk in infected individuals. 13 Additionally, nursing home residents were shown to be more susceptible to CDI as a result of their generally diminished immune response, malnutrition, underlying comorbidities, cognitive deficits, incontinence, immobility, and other functional deficits.
17, 18 We were intrigued to find that coprescription of megestrol acetate was higher in residents with CDI than the control group. While the mechanism is not clear, residents typically receive megestrol acetate for either palliative treatment of terminal cancers or for cachexia, both of which can be associated with immunosuppression. Thus, megestrol's role Nevertheless, because of the overwhelming predominance of retreatment within 30 days of the initial treatment, it is reasonable to conclude that most retreatments resulted from recurrence or treatment failure rather than new infection. The analysis and interpretation of reasons for retreatment is limited by our inability to distinguish recurrence from new infections. Due to the nature of the MDS source data, we had access to antibiotics and medications administered in the nursing home but did not have access to medications administered in the hospital. Thus, we were unable to conclude whether co-incident medication administration was causative or contributory to CDI in NNH-Acquired cases.
Use of the MDS has been criticized by some, noting that data discrepancies occur due to miscoding. Agreement rates for a number of data elements have been reportedly poor, but reliability has been shown to be adequate when using a weighted kappa statistic. 26 While there are limitations to this caregiver-administered assessment instrument, it is a standardized tool that provides the "best available evidence" of resident status and outcomes in the nursing facility setting. When reviewed by others, MDS data have been reported to have moderate to moderately high validity and reliability. 27 We found that only 34% of residents with CDI reported diarrhea on their index MDS, which is much lower than what would be expected given that presence of unformed bowel movements is a major symptom of CDI. A probable explanation for this is that unlike the pharmacy claims data, which are continuous in nature, MDS data are discrete assessments. Thus, the timing of MDS administration relative to the onset of CDI infection and resultant symptoms, such as diarrhea, may not necessarily appear correlated. It was not possible to be certain whether the observed patient characteristics occurred prior to or after the index CDI infection. MDS 3.0 data were not evaluated, since Section I.2.b [C. difficile], found on the MDS 2.0, was removed from MDS 3.0. Reliance on the MDS nurse to enter a specific text entry or ICD-9-CM code for CDI could lead to significant under-recognition of the true incidence of CDI.
■■ Conclusions
Features of CDI, burden of illness, and treatment vary substantially between NH-Acquired and NNH-Acquired CDI. Retreatment of CDI is common and often occurs within 30 days of initial therapy. Those residents with NNH-Acquired CDI are more likely to be treated with vancomycin and be admitted to the hospital than those with NH-Acquired CDI. Residents with CDI carry a higher burden of illness compared with those without CDI and are more frequently admitted to the hospital. Unfortunately, we were not able to determine if the reason for discharge to the hospital was related specifically to CDI or to other underlying or acute conditions. It was also not possible to explore whether an existing but otherwise stable underlying condition was exacerbated by the CDI. Further study of this serious and growing infection in nursing facilities is warranted.
Our results showed that retreatment for CDI is common and often occurs within 30 days of initial therapy. This suggests that either treatment failure or recurrence of the initial infection plays a large role in ongoing morbidity in these residents. The recurrence rate of CDI appears to increase with age and reaches rates as high as 38% for patients older than aged 75 years treated initially with metronidazole; recurrence rates with vancomycin (23%) remain unaffected by increased age. 22 Louie et al. (2013) predicted a 17% lower clinical cure rate, 17% greater recurrence, and 13% lower sustained clinical response by advancing decade than in those younger than aged 40 years (P < 0.01 each). 23 Due to the tremendous burden CDI has on residents and on nursing home resources, strategies should be undertaken to identify and mitigate underlying risk factors in order to prevent the spread of CDI in this care environment. The Centers for Disease Control and Prevention (CDC) recommends contact precautions for the duration of illness, hand hygiene in compliance with CDC and the World Health Organization guidelines, specific regimens for cleaning and disinfection of affected equipment and care environments, laboratory-based alert systems, CDI surveillance, and education of staff as core strategies to reduce the occurrence of CDI. 24 The Healthcare Infection Control Practices Advisory Committee is a federal advisory committee focused on the practice of infection control and strategies for surveillance, prevention, and control of health care-associated infections, which continues to advise CDC on practice improvements.
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Limitations
There are several limitations in our approach that must be taken into consideration prior to generalization of the results. The CDC surveillance definition of hospital-acquired CDI is similar but not identical to Mylotte's recommendations for surveillance of C. difficile in long-term care facilities, wherein infections within 30 days postdischarge are considered hospital acquired. 9 The 30-day cutoff has recently been included in the National Healthcare Safety Network surveillance system for long-term care facilities using the LAB-ID event approach (http://www.cdc.gov/nhsn/PDFs/LTC/LTCF-LabID-EventProtocol_FINAL_8-24-12.pdf). It is possible that by using a 14-day cutoff, we may have underestimated the frequency of occurrence of NNH-Acquired CDI and consequently misclassified some of our NH-Acquired CDI residents as NNHAcquired. All in all, we were limited by the information that was available in the MDS.
As mentioned earlier, in the absence of a chart review, we were not able to determine the severity of the CDI and thus were unable to assess whether it was treated appropriately. This was not an objective of the study but is hypothesis-generating for the future.
Without knowing the exact index date of infection, we inferred an index date based on the first day that a prescription for oral vancomycin, oral metronidazole, or IV metronidazole was dispensed. It is possible that the true index date occurred before the first prescription fill. The resultant retreatment dates could underestimate the time between treatments. 
